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Abstract 
This research endeavour to reveal the mystery of urban formation, and further illustrate the role of urban physical environment in 
this immunity-based system. Accordingly, a morphological approach to the scrutiny of the urban landscape in different scales will 
be undertaken. As a balanced urban system disrupted by a significant event, the physical urban form will be impacted directly, and 
thus transform to response to the change. After a series of transformation, the urban system can be steadied again. This process can 
be regarded as immunity-based procedure, which can help an urban system evolve and therefore survive.  
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction  
Urban as an artifact has been formed by natural collective over time [1], which means the shape of a city is supposed 
to be dominated by people’s lives [2]. Christopher Alexander [3], a notable architect, is convinced that each pleasant 
form is shaped or supported by certain logic. As the form achieves dynamic equilibrium with its quality a timeless 
status can be reached eventually [4]. While in terms of urban, which is an extremely complex system, physical urban 
form cannot be determined by single a will. The intricate urban system is composed of various elements, which can 
be fundamentally sorted into two main categories: the urban intrinsic logic and the urban extrinsic logic. The former, 
intrinsic logic, denotes non-physical urban elements and contains the factors from a wide range of dimensions, 
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including environmental, social, economic, cultural, and political factors. Each intrinsic logic will create certain 
intrinsic urban form. The extrinsic logic, on the other hand, refers to the physical elements of city. Similarly, each 
extrinsic logic will also result in certain extrinsic urban form. More specifically, the extrinsic logic can be interpreted 
as the morphological rationale, which can be urban morphology or sometimes building typology. The intrinsic and 
extrinsic form of a city will interact with each other repeatedly [5]. As a consequence, physical urban environment, 
namely extrinsic urban form, will reflect the result of this synergy and the two logics above may achieve a balanced 
state. This self-balancing system can be associated with self-healing characteristic of biological system, which is 
distinct from the logic of mechanism. 
When the urban system is disturbed by a profound event and becomes imbalanced, some urban elements may begin 
to react to the disturbances and try to maintain the equilibrium of system; this reaction is similar to immune response. 
In fact, the physical environments of cities are the disturbance receptors or sensors of the immunity-based urban 
system, because the physical urban environment can be directly impacted by intangible changes of cities. Meanwhile, 
the physical urban form itself can sometimes be the reasons of the unstable urban system. Because intrinsic logic or 
extrinsic logic in different levels (or scale) of urban form complex may not be able to operate consistently. In other 
words, it is uncertain that the transformation of the urban system in higher level of form complex, such as town plan 
scale, can lead to the corresponding change of the small scale urban system, such as building fabric and urban land. 
Although the mechanism of urban immunity can help cities to adapt the changing world, current urban planning is 
fettered by functionalism and thus ignore this self-balancing system. As a result, urban plans commonly disturb the 
equilibrium of urban system. The value of the inherent immunity of cities should be discovered and planners need to 
understand the operation of immunity-based urban. This paper endeavours to bring light to the mystery of the role of 
urban form in the immunity-based urban system, and further explore the life circle of cities. The possibility of 
achieving the timeless way of urban evolution will be revealed through the discussion in this research. 
2. Research purpose and methodology 
2.1. Research purpose 
Urban form is indeed the representation of life of a city. The evolution of urban forms reflects the growth, shrinkage 
or any variation of cities. Thus the dynamic urban system establishes the organic urban form. The physical form of a 
city is supposed to be shaped by various social, economic, environmental, and political dynamics to contain the human 
activities [6]. However, physical urban form may not able to response to the immediate changes of the urban system, 
all the time and therefore, the obsolescence or demolition of physical form will sometimes happen. This kind of urban 
disturbance can be regarded as the invasion of antigens. When the physical form cannot correspond to the latest 
demand, the “urban symptom” (the occurrence of overcrowded space or underused space) may happen subsequently. 
Under this kind of circumstance, the immune response of urban formation may instinctively react to maintain the 
equilibrium of urban system. Physical urban form, in this reaction, is the role of agent [7] to respond those disturbance. 
Therefore, a series of change will happen. Ultimately, the urban system will again achieve a state of equilibrium to a 
certain extent or, more specifically, a new synergy between urban form and function (or the vitality of city) will occur. 
Through this dynamic process, the extrinsic and intrinsic urban form will evolve constantly. In order to realise the 
mechanism of so called immunity-based urban system, three questions arise: 
x What can be antigens to the immune system of a city? 
x What is the role of urban form in the immunity-based urban system when cities respond the external disturbance? 
x What is the reaction of the agents within the immunity-based urban system? 
2.2. Methodology 
A morphological approach to the puzzle of the immune system of a city is needed in this research, because that can 
help to depict the action of urban form in the operation of the whole immunity-based urban system. Accordingly, the 
town-plan analysis will be applied here to systematically analyse the physical urban form. There are three kinds of 
form complexes, involving town plan, building fabric and land use, of physical urban landscape, defined in this 
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method, and they can be scrutinised individually and help to reveal the basic characteristics of the urban physical 
environment. Besides, these characteristics of the three form complexes can be further used to illustrate a more 
comprehensive morphological region, and therefore “a hierarchy of character area”[8] will be mapped. As a 
consequence, a framework of the physical urban form will be established and the analysis of that can be interrelated 
to the intrinsic logic of a city. Therefore, under this rationale, the causal relationship between disturbances, symptoms 
and immune responds of curtain urban form can be identified.  
In order to realise the interaction between physical urban form and the intrinsic logic of a city, we need to 
investigate the history of urban landscape transformation and, thus, the evolution process of urban form is the key 
component. Actually, the vestige of old urban form usually embodies in the current urban form. Through the analysis 
of current shape of cities, we can discover the sequence of this dynamic process and realise the key factor of 
equilibrium and the possible subsequence of the adaptation of urban form under the concept of immunity-based urban 
system. 
3. Antigens to cities 
The mechanism of the immunity-based urban system will be started, as certain kind of antigen invades the balanced 
system. For the purpose of understanding the catalyst of this reaction, we need to identify the pathogens of cities and 
recognise the impact of these disturbances. Generally speaking, the extrinsic and the intrinsic form of a city are 
supposed to be matched in a balanced urban system. The life of a city determines the urban form [9], in other words 
the collective actions of all human beings shape a city. However, when external forces (e.g. unexpected events) 
intervene the stable urban system, the conflicts between original physical urban form and human activities can be 
occurred. Therefore, both of them lose the freedom. To illustrate this, on the one hand, the spaces, impacted by the 
external forces, may be abandoned or obsoleted when they cannot adapt to the change of activity; on the other hand, 
people may feel awkward when they are in an unpleasant urban environment. We can basically divide the antigens of 
cities into two main sorts: unexpected and expected discord. The unexpected discords include disasters caused by 
human or nature and inappropriate urban plans/designs. By contrast, the expected discords refer to urban plans/designs 
adapted new planning knowledge and the occurrence of new human activities. The detail descriptions of these antigens 
will be shown below. 
x Disasters caused by human or nature: this can destroy physical urban forms directly and the result of the disaster 
is usually unpredictable, for example earthquake, flood, and fire…etc. 
x Inappropriate urban plan/design: this means the failure of the intension to transform the intrinsic logic of a city 
through the alteration of physical environment, for example a road widen project, and this is generally caused by 
unintended mistakes or incautious decisions. 
x Urban plan/design by new planning knowledge: this tries to radically and comprehensively transform the 
extrinsic and intrinsic logic of an area. But the intervention failures and the wrong estimations may crush the 
original urban system, for example Pruitt-Igoe, an urban plan of Modernism.  
x New human activities created by new technology: this can be regarded as the transformation of human activity, 
and its influence is usually begun from small scale urban form complex, for example the invention of car or 
smartphone. The physical environment will be converted by the nature of the human activity. 
The change of urban form is tangible, and may further bring impacts on the original urban activities. Thus, the 
urban system can be eroded. Apart from the coordination between extrinsic and intrinsic urban form, the coordination 
between different levels of form complexes may be essentially unachievable. The detail discussion of the physical 
urban form will be in the following section.  
4. Describing the immune system of a city 
The receptors of the immune cell within the immune system can detect the external disturbances and a series of 
reaction will be launched [10]. In terms of the immunity-based urban system, the physical urban form is considered 
as the agent to sense the disturbances and to react to face the change of the system. In other words, urban form will be 
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impacted by certain of events (mentioned in the previous chapter) directly. For instance, a street will be destroyed by 
gas explosions because the gas pipe lines are usually installed underneath roads and streets; and the buildings along 
the street may be partially damaged as well.   
According to Reith [11], physical urban form complex in different scales has different level of persistence. The 
town plans may be more persistent than the building fabric and the presence of building fabric may be more stable 
than a single building unit [6]. The scrutiny of each “form complex” [12] is needed. Firstly, urban land and building 
utilization pattern is the smallest unit to be observed. And this can be regarded as the fundamental unit to express the 
change of a city. The transformation in this level can be caused easily [12]. In other words, forms in this level are most 
sensitive to any changes. Second level of form complex is building fabric level. In this level, urban form may interact 
with a group or a cluster of activities because it is composed of different building types, and pattern of building and 
land utilization [13]. Lastly, town plan concerns street system and certain plot patterns. The changes of physical 
environment in this level is usually associated with systematic transformations in terms of extrinsic and intrinsic form 
of a city [13]. The transformation of city’s intrinsic logic may require synergy of activities in different dimensions and 
take a long period to transform to adapt the corresponding shape. Through the integration of analysis of the levels 
above, the initial change of the urban form and its reason as well as effects can be revealed. The sequence of the 
interaction between urban form and human activities in the immune system of cities can be mapped.   
However, the influence of change may not be proportional to all levels of scale. The impact of town planning is 
sometimes weaker than small scale change, such as the reconstruction of a building or transformation of single open 
space [7]. Therefore, we can assume that when the critical point of urban system affected by the disturbances, a series 
of transformation in each level of form complex will be triggered. 
5. Describing the operation of the immunity-based system of a city  
The immune system of cities can help cities to adapt to the changing world and evolve into resilient systems. The 
co-evolution of the extrinsic and the intrinsic form of a city contributes to the critical-operative formative 
characteristics of a city [14]. However, the argument about the relationship between form and function followed the 
rise of Modernism. The rule, form follows function, is promoted by Louis Sullivan, a great modern architect. On the 
contrary, some people believe that function is originated from form. This controversy may end up in chicken or the 
egg causality dilemma. We should not limit the discussion on the relationship between form and function but enlarge 
the scope of investigation on the causality and causation of urban transformation and evolution. Whenever the 
disturbance enters the urban system in a specific spatial-temporal context, the corresponding process of reaction is 
undertaken by extrinsic and intrinsic urban form within a time span. This causal sequence is similar to the immunity-
based actions of biological system yet distinct from the serial causality of mechanical system. The serial causality, 
one cause leading to one effect and forming a linear chain, is the radical principle of the operation of mechanical 
system [10]. On the contrary, as for biological system, an event will lead to not only single transformation but represent 
a phenomenon containing a series of changes. This kind of phenomenon is similar to the reactions of intrinsic and 
extrinsic logic of urban form when cities face the external disturbance.  (see Fig. 1) 
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Fig. 1. Serial causality of urban system. 
Furthermore, the causality of the intrinsic and extrinsic transformation of a city cannot simply be explained in a serial 
way. The consequence of the urban transformation is usually derived from an intricate and indirect causality, which 
is akin to biology system. To illustrate this, the effect of similar event or disturbance on physical urban form in 
different regions can be divergent; because the social, economic, spatial and political context in each area is unique 
and these factors are interweaved to shape the physical urban form. Besides, the action in one form complex level may 
not trigger the corresponding changes in other scale of urban form. (see Fig. 2) Therefore, experts can hardly infer the 
result of the urban transformation from a few dimensions of reason or even based on past experience.  
 
 
Fig. 2. biological-like causality of urban system. 
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The situations of the initial transformation of cities can be principally sorted into four types, ex-intrinsic changed, 
extrinsic changed and intrinsic unchanged, extrinsic unchanged and intrinsic changed, and ex-intrinsic unchanged. 
(see Fig. 3) And the path of the immunity-based reactions of a city can be recorded on the physical form.  
 
 
Fig. 3. matrix of extrinsic urban form and intrinsic urban form. 
The physical urban form can carry the memory of immune response. The initial tangible change, caused by the 
disturbance, will be presented by the shape of a city; on the other hand, the result of the causal interaction between 
intrinsic and extrinsic logic of a city will be remained in the physical urban form as well. Accordingly, when the urban 
form has collected the memory of immunity reaction for certain event, it has been equipped the ability to eliminate 
the same disturbance in a more fluent way [15]. Because the physical form will determine the action of people to a 
certain extent. Therefore urban immune system may follow the similar practice routine unless the context of the area 
has been altered. 
6. Case study 
There are two cases here to illustrate the situation, extrinsically changed and intrinsically unchanged. One was 
caused by a man-made disaster, gas explosion, and the other one was triggered by an inappropriate urban plan.  
6.1. Kaohsiung 
The first case is Kaohsiung, which was ranked fourth in terms of the economic growth of cities in Taiwan, in 2000s 
[16]. This city was once a thriving area owing to the concentration of heavy industries. However, in recent years these 
industries, such as petro-chemistry industry, have been shrunk and therefore they pay less attention to the repair of the 
worn pipes. As a result, this city is exposed to the gas leak danger. By the year 2014, a serious gas explosion occurred 
at midnight on one of the major roads, Kai-Xuan road, which is responsible for the massive commuter traffic from 
several residential areas to the industrial zone. Around 6 km length of the Kai-Xuan road was destroyed by this man-
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made disaster [17] and numerous streets, intersecting Kai-Xuan road, were partially damaged. (see Fig. 4) Moreover, 
some building façades, next to the Kai-Xuan road, are fired by the explosion.  
Admittedly, the explosion eroded the complexes in the town plan level. One of the main road of this city was partly 
demolished. But the system of traffic circulation in this region did not break down. Furthermore, in terms of the 
building units, the damaged building façades were repairable, and private landlords were subsidised by the government 
to recover their properties. This explosion did not trigger the formal and functional transformation because the disaster 
did not radically destroy the pivot of the urban system and the disaster was caused by an unintended event instead of 
the transformation of the intrinsic logic of this area. The persistence of urban form helps this area to restore original 
shape.  
The length of the period of the reaction of immunity mechanism in this event is relative short. According to the 
description above, the function of urban form within this morphological region was not wrecked. In addition the 
reconstruction work was accomplished in a short period of time. The function of the physical form can temporarily be 
substituted by the nearby of area. When the road and buildings were repaired, the original activities re-located to its 
original physical form of this area again. After the urban form of this region acquiring the memory of the immune 
process of this event, the adaptability of this area was enhanced. The structure of constructions and the facilities within 
this area have been strengthened and the government has established a framework to response the similar disaster. As 
the disaster in the same level occurs again, both the extrinsic and intrinsic urban form here can respond effectively.  
 
a                                                                                                                   b 
  
Fig. 4. (a) street before explosion (Source: google street view, updated: May 2014); (b) street after explosion (Source: CNN, updated: 
September 2014). 
6.2. Tainan 
The second case is Hai-An road in Tainan, Taiwan. The tragic history of this area was caused by an unconscious 
error, an inappropriate urban plan in 1992. The Tainan city government planned to build this street to be an 
underground market. Although the construction work was delivered, the original commercial activities were not 
willing to run their business here. Therefore, Hai-An road had been turned from a prosperous local shopping street, 
containing communicative interaction between local communities, into a derelict space. Hai-An road was regarded as 
a urban malignancy until few years ago. This road was widen from around 9 meters to 40 meters by the construction 
of the plan. As a result, the attribute of this road was changed from an intimate place for small businesses to a wide 
boulevard. Moreover, a row of shophouse and residential building was demolished on both sides of the road, and 
therefore created numerous irregular plot patterns and ruins of constructions. After the road widen work, the shape of 
this area was not suitable for the small businesses, and Hai-An road was almost abandoned.  
In spite of the of failure of the transformation of the intrinsic logic of this area by the plan, the scattered fractions 
of plots and ruins of buildings along Hai-An road are attractive to some activities. During the period of dereliction, 
the fractional lots and the ruins of the original buildings along the roadside are the breeding grounds for some informal 
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art activities. (see Fig. 5) On the other hand, the property price here was decreased because of the obsolescence of the 
constructions. Therefore, some artists and the shop keepers of new independent shops, who required cheap places for 
creation and exhibition, and social interaction, gathered here. An increasing number of constructions along Hai-An 
road being refurbished to contain the new activities. In fact these activities are catalysed by the unique atmosphere, 
engendered by the heterogeneous fractions of land [18].  The intrinsic logic of this area has been facilitated to 
transform by the so-called catalyst and has further dominated the shape of this area. Consequently, Hai-An road has 
been transformed from a to traditional shopping street into a vivid place for creative and innovative activities.  
 
a                                                                                                                   b 
This case is notable for its self-transformation (or self-healing). The process of transformation, immunity memory, 
has been carved on the landscape here. The current physical urban form here has a high level of flexibility because 
most of the spaces are not design for specific purpose and they can accommodate various activities. (see Fig. 6, The 
red dots are art-related activities and the grey dots are bistros.) Therefore, this spatial characteristic helps Hai-An road 
to sustain a range of the variation in terms of human activity.  
Fig. 6.  the distribution of plots, buildings, and activities on Hai-An road 
  
Fig. 5. (a) transformation of street (Source: google street view, updated: March 2014); (b) art work on Hai-An road (Source: google street 
view, updated: March 2014). 
line: plot line 
grey block: building 
red dot: art-related activity 
grey dot: bistro or restaurant  
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6.3. Finding 
Although these two cases are caused by the same condition at the beginning, purely extrinsically changed, they 
have been transformed in divergent trajectories. It is obvious that the subsequence of the change of a city will be 
determined by the area and the shape of physical form and the context of the region. In the first case, the damage of 
one road and two row building façade may not trigger a transformation of form complexes in other scales, and the 
original urban system will not be affected. As for the second case, the widened road destroyed the original activities, 
because physical urban form in the street level has been changed and the intimate atmosphere disappeared. 
Furthermore, higher level form complex, town plan, has been affected by this disturbance because the transformation 
of the intrinsic logic of this area, and thus it took longer time to become stable. The transformation of the physical 
form related to other scale may need longer time to steady the urban system. Although form complexes in town plan 
level should be persistent enough to resist the impact of transformation of physical form in street level, the result of 
the second case challenges the basic principle of persistence of forms. Because the critical point of the form complex 
within the urban system of this area has been changed.  
7. Conclusion 
We are now in the age of change. The rise of new technologies, internet, notebook, smartphone and so on and so 
forth, spontaneously impact on not only the intrinsic form of a city but the ‘townscape’ today. Some cities, which 
cannot adapt the future trend, may be weeded out, and the others however have been transformed to response to the 
change and evolved to survive. In other words, the survivals have repeatedly experienced the process of transformation 
in both extrinsic and intrinsic form over time. The concept of immunity-based urban system can be employed to 
explain the urban evolution. The adaptive characteristic of immune system of cities is indeed the key factor to help 
them transform. The transformation of cities is sustained by dynamic balance system, which is operated by the synergy 
in three dimensions: collaboration between intrinsic urban forms, collaboration between intrinsic and extrinsic urban 
form, and collaboration between extrinsic urban forms. Accordingly, apart from the gap between intrinsic and extrinsic 
urban form, physical urban form itself may be problematic in the inconsistent urban system. Although urban systems 
are intricate and changeable, the biological-like system of cities can help them to conquer the disturbances in a 
sophisticated way. Therefore, urban can be regarded as a resilient system.  
This research illustrates the framework of immunity-based urban system. With the help of this framework the 
causality of urban transformation can be comprehended and furthermore the future transformation can be speculated. 
The synergy of immunity-based urban system should be respected as critical information to urban planning. If cities 
are regarded as biological-like system, some improper planning interventions could be prevented.  
Timeless way of urban form may be unachievable, due to the fact that conditions of a city cannot remain the same 
eternally. Admittedly, it is possible that the extrinsic and intrinsic urban from of an area would not be changed by 
external disturbances and still remain their functions. However, the atmosphere, which is invisible and intangible, may 
also be the decisive catalyst to interfere the extrinsic or intrinsic logic of cities. If this catalyst dissolve the solid relation 
between actors in different dimensions in the urban system, could the urban system be resilient still? The question left 
here can be further discussed through the substantiation of the intangible catalyst. 
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